Summary.-Sixty-two patients with Hodgkin's disease have been followed for one year from the start of treatment. Immunological assessments were repeated after intensive treatment, in patients relapsing and in those in remission at one year. In patients achieving remission, overall cellular immunity, after deteriorating with therapy, particularly cytotoxic chemotherapy, returned to pre-treatment levels in remission when there was little evidence of cellular immune disturbance. Serum IgG and IgM levels fell with intensive chemotherapy in splenectomized patients. IgA and IgM levels were lower (irrespective of splenectomy or therapy status) in remission than at presentation or after treatment. Relapse or non-response was usually associated with deteriorating cellular immunity. Herpes zoster/varicella and candida infections (seen in 6 patients) were preceded by, or associated with, deterioration of cellular immunity.
DISTURBANCES in immunity may be seen in patients with generalized Hodgkin's disease (Young et al., 1972; Hancock et al., 1977) but little is known about the longterm effects of the disease and its treatment on immune function. We report here the assessment of immunity in a group of 62 patients with Hodgkin's disease at presentation and during follow-up for one year from start of treatment; the findings are correlated with method of treatment, splenectomy and progress. Leucocyte-migration inhibition tests.-The leucocyte-migration inhibition test was modified from the method of Soberg and Bendixen (1967) . Separated peripheral leucocytes were allowed to migrate from micro-capillary tubes in wells containing (a) purified protein derivative, (b) Candida albicans extract and (c) control medium. Migration areas with antigens in each experiment were statistically compared with control migration areas (Student's t test) and significant inhibition of migration was said to have occurred if P < 0 05. If significant migration inhibition occurred with one or both antigens, the patient wAas considered immunocompetent in this test.
Overall assessment of cellular immunity.-This was obtained by combining the results of skin and leucocvte migration tests, the patient being, considered immunocompetent if he showed a normal response in either or both tests.
Each patient was also individually assessed in each test of cellular immunity for improvement or deterioration in personal responses.
Humoral inm unity
Serum immunoglobulin levels were determined by automated immunoprecipitation (Ritchie et al., 1973) , the local standard preparation being calibrated in relation to the mass equivalent of the WTHO preparation 67/99 (Humphrey and Batty, 1974 Of the 62 patients, 28 patients underwrent splenectoiny, and of these, 12 were subsequently treated with chemotherapy, 16 with radiotherapy. Ten of the patients receiving chemotherapy and 9 of those receiving radiotherapy were in complete remission one year after the start of treatment. Two of the chemotherapy and 2 of the radiotherapy group have died (only one with disseminated disease). One of the chemotherapy and 4 of the radiotherapy group relapsed during follow-up, after a period of remission. Of the 34 patients not undergoing splenectomy, 18 had radiotherapy and 16 had chemotherapy. Fourteen of the radiotherapy and 5 of the chemotherapy group were in remission after one year. There were no relapses and only one death (from generalized disease) in the radiotlherapy group. In the chemotherapy group, 7 patients died with generalized disease without achieving remission (the non-response group) and 2 patients died of unrelated causes. Two patients relapsed after a period of remission. Three radiotherapy patients were lost to long-term follow-up.
Seven patients (mean age 29-2 ± 9-3 s.e.) were re-assessed during relapse and 38 (mean age 37-9 + 2-8 s.e.) after one year of remission from the start of therapy. In the latter group 23 patients (9 of whom had had splenectomy) Aierere-assessed 9-11 months following radiotherapy, and 15 (10 of whom had had splenectomy) before the eighth course of MOPP (i.e. after a 3-month period without chemlotherapy). (neutrophils, lymphocytes, immunoglobulins) between the patients, the changes-pre-treatment minus post-treatment on one hand, and pre-treatment minus remission on the other for each of the variables were considered. As a simple first step, changes within the groups of patients attaining remission, not responding to treatment or subsequently relapsing were analysed separately using Student's t test.
In a further analysis of the data, multiple linear regressions Nere used in an attempt to relate the changes for each of the quantitative variables to the known factors such as histology, stage, symptoms, splenectomy/no splenectomy, remission/no remission. Little in the way of significant explanatory effects emerged, although this was due not so much to lack of fit of the regression model, as to the large variability in the data.
Patients in remission were then assessed, to relate the relative changes in levels for each of the variables to the two main factors (i.e. radiotherapy/chemotherapy and splenectomy/ no splenectomy). A two-way analysis of variance with interaction with unequal numbers of observations in the cells (Scheff6, 1960) was used. Inspection of the data revealed that the underlying assumption of normality seemed reasonable.
RESULTS
(a) Patients in remission, in relapse or not responding to treatment (see Table) In patients achieving remission, neutrophil and lymphocyte counts fell significantly with treatment (both P < 0-001) before recovering significantly in remission (P < 0-01 and < 0-001 respectively). Serum IgG, IgA and IgM levels all fell significantly with treatment (P < 0-05, < 0-005 and < 0-01 respectively); the IgA and IgM levels fell further in remission (P < 0*05 and < 0-001 respectively). Minimal depression of overall and skin-test immunocompetence, and improvement in immunocompetence as measured by leucocyte migration inhibition were seen with therapy; the results in remission were similar to those at presentation.
In patients in relapse, leucocyte and immunoglobulin levels showed similar tendencies to those seen in the remission group. Lymphopenia (< 1-0 x 109/1) was seen in 4/7 patients in relapse and only 2/7 showed normal cellular immunocompetence at this stage.
In assessments of patients failing to respond to treatment, results (before and after therapy) were generally more depressed than in the other groups. Three of the 7 patients in this group had normal immunity at presentation; after treatment only 2 were immunocompetent.
(b) Patients attaining remission; analysis of changes according to splenectomy and therapy status Leucocyte counts (Fig. 1 ).-The drop in neutrophil and lymphocyte counts after treatment was significantly larger (P < 0-05 and < 0-01 respectively) in non-splenectomized patients. The change from pre-treatment to final (remission) counts was significantly different (P < 0-025) only for neutrophil counts, final levels being relatively higher in splenectomized patients. Immunoglobulins (Fig. 2 ).-Patients having splenectomy and cytotoxic chemotherapy showed significantly (P < 0-01) greater falls in IgM and IgG levels than any of the other groups after treatment. In remission, serum IgM levels in splenectomized chemotherapy patients remained low, but the levels in the other groups also fell markedly. From post-treatment to final assessments, the change in levels in non-splenectomized patients was significantly greater than in splenectomized patients (P < 0-05). The changes in IgG levels from post-treatment to final values were significantly different (P < 0-05) between chemotherapy and radiotherapy (Casazza, Duvall and Carbone, 1966) .
The cause of death in patients not responding to treatment was invariably bronchopneumonia. In these patients there was marked deterioration in cellular immunity following treatment; levels in all immunoglobulin classes fell more than in the other groups (Table) .
Three patients in the splenectomy group died of ftilminating septicaemia (Hancock et al., 1976a) . Pre-terminal immune assessment showed deteriorating cellular immnunity and inappropriately low IgM levels.
Three patients (2 having undergone splenectomy) developed herpes zoster infection during the follow-up period. In 2 this was associated with deteriorating cellular immunity and preceded clinical relapse. In the third patient, infection followed radical radiotherapy, when cellular immunity, previously normal, was depressed; this patient achieved, and is still in, remission and cellular immunity is again normal.
Two patients (both splenectomized) developed varicella infection, one during total nodal irradiation and the other during intensive chemotherapy. In both cases, temporary depression of cellular immunity was noted with treatment, and in one case varicella was followed by severe oral candidiasis; both patients achieved, and are still in, remission with normal immunity.
No bizarre opportunistic infections were seen but one totally anergic patient with Stage IVB disease (lymphocyte-depleted (Gross, Manfredi and Protos, 1973; Chee, Illberg and Rickinson, 1974; Raben et al., 1976) and chemotherapy (review Harris et al., 1976) may depress immunity, but the improvement in the patients' general condition following remission of the malignancy may result in normal or improved immune function (Sokal and Primikirios, 1961; Young et al., 1972) . In patients with Hodgkin's disease studied 5 years after completing radical radiotherapy, no gross defects in immunity were found (Kun and Johnson, 1975) . Short intensive courses of chemotherapy, whilst initially suppressing humoral and cellular immunity, may be followed by "rebound-overshoot" recovery (Serrou, Dubois and Silva, 1974; Harris et at., 1976 ) and even after prolonged continuous chemotherapy, immunity may be only slightly depressed or may even recover to normal (Chang, Stutzman and Sokal, 1975) . Cessation of long-term therapy is followed by rapid recovery of any depression of immune function (Borella, Green and Webster, 1972) .
Such observations may indicate differences in methods of assessment of immunity and the variable immunosuppressive effects of cytotoxic drugs and therapeutic regimes being used.
In a preliminary report (Hancock et al., 1976b) of our follow-up results, we found that, regardless of whether splenectomy had been performed, overall cellular immunity deteriorated with intensive treatment, particularly chemotherapy. Skin reactivity deteriorated, especially in chemotherapy patients, even though leucocyte migration reactivity improved marginally. Serum iminunoglobulins, and particularly IgM levels, fell during intensive therapy in spleneetomized patients. Three patients in the latter group died of fulminating septicaemia during or shortly after treatment (Hancock et al., 1976a) and it may be that IgM immunoparesis was a contributing feature in the genesis of their infections.
The present study confirms many of our previous findings, but further analysis shows that early falls in serum IgG and IgM classes are seen with intensive chemotherapy in splenectomized patients.
In the present follow-up study, 6 patients (4 splenectomy, 2 non-splenec- One year after the start of therapy, patients in remission showed no major differences in cellular immunity from their initial assessments, though individual patients showed conversion from nonreactivity to reactivity and vice versa. Splenectomy or mode of therapy did not ultimately affect the assessment of cellular immunity in remission. At remission, serum immunoglobulin levels were generally lower than after treatment, with the exception that IgG levels were recovering in patients having maintenance chemotherapy. The fall in IgA levels was much less in non-splenectomized patients having radiotherapy. It is of importance that the early major differences in the fall in IgM levels between the splenectomized patients having chemotherapy and all other groups was considerably reduced by the time of remission.
The trends in the groups of patients not responding to treatment or subsequently relapsing were similar to those attaining remission, but there were some obvious differences in cellular immunity. Lymphopenia was common in patients in relapse, and in the relapse group as a whole cellular immunity was markedly depressed, probably as a marker of active disease. Cellular immunity in these patients, and strikingly in the non-response cases, was worse than with the remission group at presentation and after treatment. In the case of the nonresponse group, these findings may be related to the high incidence of generalized disease and lymphocyte-depleted histology at presentation.
The relative depression of humoral immunity expected with advanced disease (Aisenberg and Leskowitz, 1963) was not seen, with the exception that in the non-response group low initial and posttreatment serum IgG levels were demonstrated.
It has been suggested that splenectomized patients are better able to tolerate radiotherapy (Saltzman and Kaplan, 1971) and cytotoxic drugs (Pannetiere and Coltman, 1973) . Certainly our study confirms a possible "protective" effect on peripheral leucocyte counts in splenectomized patients, counts in these patients remaining higher than in those not having splenectomy.
In conclusion it seems that regular assessment of immune status in patients with Hodgkin's disease may prove a marker of disease activity. Relapse or nonresponse seems to be associated with deteriorating, and remission with improving, cellular immunity. The importance of the falling immunoglobulin levels in patients in remission at one year, and particularly the early fall in IgM and IgG in splenectomized patients receiving chemotherapy, is uncertain, but the possible role of IgM immunoparesis as a predisposing factor in the development systemic sepsis must be carefully assessed by continued observation of these patients.
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